A B S T R AC T
Background. Technical failure is more likely to occur in the first 6 months of peritoneal dialysis (PD). This study was carried out to identify risk factors for early transfer from PD to haemodialysis (HD) in a country where assisted PD is available. Methods. All patients from the French Language Peritoneal Dialysis Registry (RDPLF) who started PD between 1 January 2002 and 31 December 2010 were included. Time to transfer, death and transplantation during the first 6 months on PD were analysed by the multivariate Cox proportional hazard model. The Fine and Gray model was used to examine the occurrence of technical failure by considering death and transplantation as competing events. Results. Of 9675 patients included, 615 (6.3%) moved to HD during the first 6 months of PD. Cumulative incidence of transfer to HD was 6.6% at 6 months. On multivariate analysis by both the Cox model and the Fine and Gray model, HD prior to PD, allograft failure and early peritonitis were associated with a higher risk of early technical failure, whereas being dialysed in a centre treating more than 20 new patients per year was associated with a lower risk of early transfer to HD. Conclusions. Patients treated by HD before PD and failed transplant patients had a higher risk of early PD failure when competing events were considered.
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I N T R O D U C T I O N
It is well established that the survival of end-stage renal disease patients initially treated by peritoneal dialysis (PD) is equivalent to the survival of those treated by haemodialysis (HD) during the first 2 years of renal replacement therapy [1, 2] . However, technique failure remains a frequent cause of PD cessation, so the need for transfer to HD must be taken into account in patients starting PD. Because the transition from PD to HD is not really a gradual process, care should be taken to identify patients with the highest risk of technique failure [3] . Creation of a pre-emptive vascular access for HD is not recommended in PD patients; this may increase the risk of unplanned HD initiation when the transition occurs. Because technique survival depends on the events occurring during PD, such as repeated infections, loss of residual renal function and deterioration of peritoneal membrane function, late PD failure is not easily predictable when it is begun. Using a timedependent approach to analyse technique survival, Kolesnyk et al. [4] found that there were differences in the cause of PD cessation over time. Therefore, factors associated with the risk of early failure may help clinicians to identify patients who would benefit from an early creation of a vascular access.
PD is underused in France since only 6.9% of prevalent dialysis patients received PD in 2010 [5] . Interestingly, technique failure was not considered as a barrier that limited the use of PD by French nephrologists in a recent survey [6] . A low rate of early technique failure in French PD patients may explain this opinion. Because assisted PD is available in France, it is often used in elderly patients or in those with comorbid conditions as an alternative to in-centre HD. Assisted PD may protect patients from psychosocial causes of PD cessation. Therefore, this French study may be able to identify the technique-specific factors associated with early PD failure.
This study aimed at evaluating the risk of early PD failure and the factors associated with a higher risk of early transfer to HD in a country where assisted PD is fully reimbursed by the healthcare system.
M AT E R I A L S A N D M E T H O D S

Study population
This was a retrospective study of the data from the French Language Peritoneal Dialysis Registry (RDPLF). All adults older than 18 years starting PD in France between 1 January 2002 and 31 December 2010 were included. The end of the observation period was 1 June 2011. We excluded patients who had primary PD failure, defined as PD duration <2 days, patients who had been previously treated with PD and patients having renal function recovery.
Definition of events
The event of interest was early PD failure defined as a transfer to HD during the first 6 months on PD and lasting more than 2 months. Patients who re-started PD after more than 2 months on HD where not included. Death and renal transplantation during the first 6 months on PD were considered as competing events. Patients were censored at 6 months if they had not presented any of the three events. Patients lost to follow-up within the first 6 months of PD were censored at the last information date. We examined time to occurrence of the three events during the first 6 months of PD.
Covariates
To evaluate centre size, we calculated the number of incident PD patients per centre and per year of participation during the study period.
To assess comorbidities, we extracted the Charlson comorbidity score (CCI) from the database. To evaluate the role of the comorbidities independently of the patient's age, we calculated a modified CCI by subtracting the age subscore.
Covariates considered for the prediction model were also: patient's age, gender, underlying nephropathy, diabetes mellitus, previous therapy before PD initiation (HD or renal transplantation), HD duration before PD, PD modality at dialysis start [automated PD (APD) or continuous ambulatory PD (CAPD)], modality of assistance (nurse-assisted PD, familyassisted PD), registration on the waiting list for kidney transplantation and early peritonitis defined as an episode of peritonitis during the first 6 months on PD. We have hypothesized that patients who had an early peritonitis episode (defined as a binary covariate) could have an increased risk of PD failure. This statement was based on the fact that early peritonitis could have a sort of discouraging effect on the patient's (and/or on the physician) willingness to continue on PD and could also reflect an increased risk of recurrent peritonitis (a well-known cause of PD cessation). We arbitrarily defined early peritonitis by one peritonitis episode within the first 6 months of PD. Treating early peritonitis as a binary covariate has given the possibility to enter peritonitis in the Fine and Gray model.
Statistical analysis
Continuous variables were described by the median value, the first and third quartiles; categorical variables were described by frequencies and percentages. Cumulative incidence curves were drawn for each possible event. A P-value of <0.05 was considered to be statistically significant. Only 95% confidence intervals were used for statistical inference of the RH (relative hazard) and to represent the uncertainty of the RH.
The Kaplan-Meier method is known to overestimate the probabilities of each event when there are competing events in PD [7] . Because death and renal transplantation are competing events and may bias the estimation of the probability of the event of interest, we examined the association of the covariates with all the possible outcomes using methods developed for survival analysis in the presence of competing risks.
Cause-specific hazard model Cause-specific RH measures the specific association between the covariate and each outcome because other events are treated as censored observations. To explore the relationship between variables and each possible event, we estimated the unadjusted cause-specific RH and 95% confidence intervals by a bivariate Cox regression. Regression splines were used to explore the functional form of continuous variables. On the basis of the smoothing spline representation, centre size was divided into three categories and modelled as a categorical variable. Time on HD before PD was also divided into three categories 0, ≤3 and >3 months, and modelled as a categorical variable. The analysis of time to event of interest was performed by the multivariate Cox regression. Variables were included in the Cox model if they were considered as explanatory variables of the outcome, based on a priori considerations without undertaking any statistical selection procedure. We tested the interaction between age and HD or transplantation prior to PD, and between modified CCI and transplantation prior to PD. There was no significant interaction between these variables. The proportional hazard assumption was tested by visual inspection of Schoenfeld residual plots and outliers by dfbeta plots.
Subdistribution hazard model
The subdistribution hazard model (sd-RH) can be defined as the hazard of the event of interest in the presence of competing events, considering that the subject has survived or has presented a competing event. Fine and Gray [8] developed a semi-parametric proportional hazard model or the sd-RH. We explored the relationship between variables and the cumulative incidence of each event using a bivariate Fine and Gray regression model. Proportional hazard assumptions were tested with Schoenfeld residual plots. Multivariate analysis was performed using a Fine and Gray model giving the sd-RH for each covariate. Variables were entered in the model based on a priori consideration without undertaking any statistical selection procedure.
Missing data
There were 5% of missing data for the CCI. Five sets of conditional imputation were performed for the missing value of the CCI. Modified CCI was calculated by using the imputed CCI value.
Statistical analyses were done with R 2.13.1 (R Foundation for Statistical Computing), including the survival, coxme, cmprsk, mice and crrSC packages, and with SAS 9.3, including macro CumInc.
R E S U LT S
Patient characteristics
Among 9864 patients who started PD during the study period, 9841 met the inclusion criteria, 20 were excluded because of missing or invalid data, and 146 were excluded because of PD cessation due to renal function recovery. A final sample of 9675 patients was analysed. The median age at PD initiation was 70.5 and the median modified CCI was 4. There were 138 dialysis centres, divided into three groups according to the number of new patients starting PD by centre and by year during the study period: ≤10, 11-20 and ≥20 new patients/year. Patients' characteristics according to early PD failure are provided in Table 1 . Cumulative incidence functions for transfer to HD, transplantation and death are provided in Figure 1 .
Early events during PD At 6 months, 615 (6.3%) patients had been transferred to HD, 215 (2.2%) patients had been transplanted and there had been 809 deaths (8.4%). Forty-four patients (0.4%) were lost to follow-up. The main causes of transfer were catheter dysfunction and psychosocial reasons ( Table 2) .
Cause-specific hazard model In the bivariate analysis, patients' age, modified CCI and diabetes were associated with an increased risk of death and a lower risk of renal transplantation but were not associated with early transfer to HD. Compared with APD, CAPD was not associated with the likelihood of early transfer. Patients treated by CAPD at dialysis initiation had a lower chance of renal 
O R I G I N A L A R T I C L E
A c o m p e t i n g r i s k s a p p r o a c h transplantation and a higher risk of death. Assisted PD was associated with the risk of death and a lower chance of renal transplantation but was not associated with a lower risk of transfer to HD. HD prior to PD was a risk factor for both transfer to HD and death but was not associated with renal transplantation. Transplant failure was associated with an increased likelihood of technique failure and renal transplantation. In addition, failed transplant patients had a lower risk of death compared with other patients. Early peritonitis and centre size were associated with the risk of transfer to HD but were not linked to the other events. Detailed information regarding the cause-specific hazard model (cs-RH) is provided in Table 3 .
In the multivariate analysis for the event of interest, transplantation before PD [cs-RH 2.41, 95% confidence interval (CI) 1.6-3.64], time on HD before PD (cs-RH 1.33, 95% CI 1.03-1.72 for <3 months; cs-RH 2.11, 95% CI 1.55-2.86 for more than 3 months) and peritonitis (cs-RH 2.31, 95% CI 1.38-3.88) were associated with an increased risk of transfer to HD. Centre size was associated with a decreased risk of transfer. Family-assisted PD was marginally associated with a lower risk of technique failure (Table 4 ).
Subdistribution hazard model
In the bivariate analysis, patients' age, modified CCI and diabetes were not associated with the likelihood of transfer to HD. Patients treated by HD prior to PD had a higher risk of early transfer to HD. Patients who started PD after allograft failure had a higher risk of early transfer from PD to HD. Centre size was associated with the risk of early technique failure. Patients who experienced early peritonitis had a higher risk of early technique failure. CAPD as first modality and assisted PD were not associated with early transfer to HD. Detailed information about the bivariate analysis is provided in Table 5 .
In the multivariate analysis for the event of interest, transplant failure (sd-RH 2.49, 95% CI 1.69-3.68), HD prior to PD (sd-RH 1.43, 95% CI 1.14-1.80 for <3 months; sd-RH 1.96, 95% CI 1.47-2.60 for more than 3 months) and early peritonitis (sd-RH 2.17, 95% CI 1.30-3.61) were associated with a higher risk of early technique failure whereas being dialysed in a centre treating more than 20 new patients per year was associated with a lower risk of early transfer to HD (sd-RH 0.75, 95% CI 0.59-0.96) ( Table 4) . Figure 1 shows the probability of transfer to HD over time in different subgroups according to therapy before PD initiation. The probability of transfer to HD was actually increased in patients treated by HD or transplanted prior to PD initiation compared with naive patients who were new to renal replacement therapy. Data about cumulative incidence of transfer at different time points in these groups are detailed in Table 6 .
Probabilities of the events
D I S C U S S I O N
In this study, the cumulative incidence of transfer from PD to HD was 6.6% at 6 months. On multivariate analysis, HD prior to PD, allograft failure and early peritonitis were associated with a higher risk of early technical failure, whereas being dialysed in a centre treating more than 20 new patients per year was associated with a lower risk of early transfer to HD.
A recent study from Canada found that unadjusted 6-month technique failure was 25% [9] . In a large American cohort, the rate of transfer from PD to HD was 20% at 1 year [10] . In the Choices for Healthy Outcomes in Caring for ESRD (CHOICE) study, 20% of the transfer from PD to HD occurred during the first 6 months of PD [11] . In Switzerland, a single-centre study showed that the cumulative incidence of 1-year technique failure was 17%; transfer during the first 6 months of PD accounted for 30% of all PD failure [12] . In a study from the Netherlands Cooperative Study on the Adequacy of Dialysis (NECOSAD) group concerning 709 incident PD patients, 22 were transferred to HD within the first 3 months on PD [4] . In our retrospective cohort, the cumulative incidence of early transfer to HD was lower than that reported in the abovementioned studies. This could be partially due to the availability of assisted PD in France and/or to patient selection for PD. Technique failure was higher in older patients in a study of the NECOSAD group [13] . In Canada, increasing age and diabetes mellitus were also associated with transfer to HD [9] . In addition, our group found that assisted PD patients had a lower risk of transfer to HD [14] . In the present study, neither age at PD initiation nor diabetes and modified CCI were associated with PD failure.
There was no significant difference regarding technique survival between failed transplant patients and non- 
O R I G I N A L A R T I C L E
A c o m p e t i n g r i s k s a p p r o a c h transplanted patients in two large-scale studies [10, 15] . In contrast, 6-month technique survival was lower in the failed transplant group compared with the non-transplanted group in our study. Two other studies have shown that decline in residual renal function on dialysis is more rapid in the failed transplant group compared with the non-transplanted group [16, 17] . In addition, failed transplant patients are exposed to transplantectomy which may induce surgical complications, and loss of renal residual function. This may, in turn, lead to a temporary or permanent contraindication for PD. Furthermore, continuation of immunosuppression after transplant failure may increase the risk of peritonitis and could also be involved in technique failure [18] . In our study, patients treated by HD before PD had a higher risk of technique failure regardless of the time spent on HD before PD. One may assume that patients with an HD duration of <3 months before transfer to PD are unplanned dialysis starters. While PD can be used in unplanned dialysis patients [19, 20] , there is a lack of data regarding PD technique survival in them [21, 22] . In the study by Chidambaram et al. [9] , receiving HD for <3 months before PD was associated with an increased risk of technique failure. The lack of patients' free choice and/or patients' education may explain this finding. Liberek et al. [23] retrospectively studied the outcome of PD in 257 patients in whom 67 were transferred to PD after more than 3 months on HD because of complications. There was no significant difference between the two groups regarding mortality on PD, but patients transferred from HD had a lower technique survival. Further studies are needed to investigate the causes of technique failure in PD patients transferred from HD.
In the present study, the occurrence of peritonitis within the first 6 months on PD was a risk factor for early technique failure. Definitive transfer to HD is justified only in the event of severe peritoneal infection, fungal infection or refractory peritonitis [24] . Other deleterious effects due to peritonitis include peritoneal membrane damage [25] . Such modifications of the physiological properties of the peritoneal membrane lead to late PD failure. It can be hypothesized that nephrologists and/or patients may feel reluctant to continue PD when early peritonitis occurs even if cessation is not advocated.
Using the Poisson regression models, Schaubel et al. [26] found an association between PD technique failure and both the cumulative number of patients per centre and the percentage of end-stage renal disease starting on PD. There was also an association between centre experience and mortality. In the CHOICE study, being treated in a centre with more than 50 patients on PD was associated with a lower risk of transfer to HD [27] . The study by Afolalu et al. [28] demonstrated that technique failure during the first year of dialysis was higher in centres with fewer than 25 prevalent patients on PD. The Baxter On Call database showed that larger centre size was linked to less catheter dysfunction, fewer infection problems and less dialysis inadequacy. These findings may explain the longer technique survival observed in a larger centre [29] . Owing to the substantial dropout rate on PD, the number of new patients entering PD per centre and per year might also reflect the centre's experience. In support of this, the risk of early transfer to HD in our study was lower in centres initiating PD for more than 20 new patients per year. Centre experience was associated neither with early mortality nor with transplantation during the first 6 months on PD. These results suggest that experience in selecting and/or in treating patients on PD may have an effect on early outcome on PD. This study has some limitations. Some residual confounders not considered in our study might bias the results. Transfer to HD is a medical decision based also on patients' motivation to stay on PD or to change their modality of dialysis. These subjective parameters determined by the relationship between the nephrologist and patient were not studied here, even though they may influence the medical decision to transfer. Furthermore, variables related to patients' characteristics, such as socioeconomic status, abdominal surgery before PD or renal residual function, are lacking. Unfortunately, information about residual renal function is not recorded in the core module of the registry, but only in a specific module devoted to dialysis adequacy. As not all centres participate in the adequacy module, residual renal function was not used in the analysis because of missing data and because it may bias the results. One may argue that the external validity of this study is limited, as assisted PD is not fully available in other countries. However, the results of the analyses were similar when performed separately in the assisted PD subgroup and in the self-PD subgroup. 
Based on a landmark study, creation of a backup arteriovenous fistula is not recommended at the moment PD is initiated [30] . Owing to surgical delay and fistula maturation, the total time between surgeon referral and first vascular access cannulation in incident HD patients is ∼3 months [31] . For patients with the highest risk of early technique failure, it might be that the creation of a pre-emptive fistula would decrease the rate of unplanned transfer to HD.
In conclusion, this study shows that when death and transplantation are considered as competing risks, being treated by HD prior to PD and starting PD after allograft failure are risk factors for early technique failure in France. To decrease the frequency of unplanned transfer to HD, the need for creating an early vascular access should be evaluated in PD patients at risk of early transfer to HD. Predictive models that could help the clinician to identify which patients need an early vascular access creation are expected.
